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Hyaline membranes are seen in the lungs of nearly one-third of prematurely born infants who die after birth at the Royal Women's Hospital, Melbourne. The nature of the membranes has been discussed often in the literature (Farber and Wilson, 1932; Tregillus, 1951; Claireaux, 1953; Bruns and Shields, 1954; Gilmer and Hand, 1955; Lendrum, 1955; Lynch and Mellor, 1955; Stevenson and Laufe, 1955; Gitlin and Craig, 1956 and many others). The subject has also been reviewed by Tran-Dinh-De and Anderson (1953) , Curtis (1957) , and others, and in an Editorial in the Lancet (1958) . So far there is no generally accepted explanation of the mode of origin of the membranes and opinions differ widely on the nature of the material of which they are composed. Two main views are held. One postulates an origin from the contents of the amniotic sac and the other from an exudate from the pulmonary capillaries.
The present study is based on observation of morphological changes in affected lungs and was undertaken after a variety of histochemical and interferometric techniques had been employed without significant result. From microscopic examination of the lungs using sections prepared by conventional methods it is concluded that hyaline membranes result from necrosis of epithelial cells in respiratory bronchioles and form in situ. irregularity often accurately reflects the margins of the original cells (Fig. 6 ).
Clinical Features The 133 cases resulted from 121 pregnancies. There were 67 male and 66 female infants. Nearly all died between two and 48 hours after birth (Fig. 7) and the majority died in the first 16 hours.
One hundred and twenty-three infants were premature, 10 weighed over 2,500 g. and one of these was postmature (Fig. 8) . Infants below 1,000 g. showed pulmonary hyaline membranes, but the majority of the cases occurred in the 1,001-2,000 g. range.
The incidence of the lesion is inversely proportional to the gestational age and 60% were asphyxiated at birth (Fig. 9) . Asphyxia is defined as taking two minutes or more to establish rhythmical respirations after delivery and most of these infants received lobeline and/or coramine. In 60 % of cases it was recorded that oxygen was administered at delivery, usually by an intranasal catheter. This is a common procedure in our hospital for prematurely born infants and the actual number so treated is higher than recorded. Asphyxia at birth was more common in infants born at 34 weeks and over (760 ) than in the group under 34 weeks (54 %).
Of the 24 infants delivered abdominally, 20 (83 Yo) were asphyxiated at birth and usually severely. This incidence of asphyxia is higher than for the series as a whole and suggests that it is asphyxia in cases delivered by caesarian section and not this mode of delivery per se which is the important factor in the subsequent development of hyaline membrane disease. In 32% of cases delivery was by breech.
The complications of pregnancy, apart from maternal diabetes, were those associated with premature delivery although the individual incidences were greater than expected in premature deliveries as a whole (Table 1 ). There were 24 multiple pregnancies. In 11 (10 twin, one triplet), all the infants died and showed hyaline membranes at autopsy. In 12 multiple pregnancies (11 twin, one triplet), only the second twin or third triplet was affected.
Nearly one half of the infants who died in the 1,001-2,000 g. group showed hyaline membrane formation (Table 2) but the maximum incidence occurred in the 1,001-1,500 g. group.
In 61 % of the cases pulmonary hyaline membranes were the only major findings at necropsy.
The condition of the infants was poor from birth and signs of respiratory distress developed rapidly. In most infants there was no period of well-being. Lateral has not been so described until recently (Barter, 1959) . Tregillus (1951) showed lesions in the epithelial linings of terminal bronchioles but did not state clearly the relationship of such lesions to hyaline membranes; nor did he appear to appreciate that the principal lesion is confined to respiratory bronchioles. Lynch and Mellor (1955) All stages of epithelial necrosis from nearly intact cells to those containing faint remnants of nuclei can be observed in many of these cases. That these are the nuclear remnants of epithelial cells is evident from studying all the phases of the degenerative process. It has become clear that epithelial cell necrosis is the basis of hyaline membrane formation and that lesions are found in both terminal bronchioles and respiratory bronchioles but mainly in the latter. The epithelial linings of the trachea and bronchi are not affected and we have found no evidence that membranes form in alveolar ducts or alveoli. Furthermore, it seems likely from our own unpublished observations that alveolar tissues are not as well developed in the premature lung as commonly implied. Much of the controversy at present about the nature of hyaline membranes centres on the assumption that the material present is derived from substances in the air spaces or from the pulmonary capillaries. Considerable evidence has been presented in favour of one or both explanations. Farber and Sweet (1931) first proposed an origin from the contents of the amniotic sac and changed the name of the lesion, hyaline membrane (Johnson and Meyer, 1925) to vernix membrane. Claireaux (1953) published the results of experimental studies in favour of an origin from aspiration of epidermal material. More recently it has been suggested that thromboplastic substances from the liquor aid in the formation of fibrin from an exudate from the capillaries (Laufe and Stevenson, 1954) .
Emphasis has been placed on the exudate hypothesis by the claims of Gitlin and Craig (1956) that membranes are composed largely of fibrin. These workers used a fluorescin labelled antibody for fibrin and showed that membranes in treated sections were brightly fluorescent. Confirmation of the presence of fibrin has been afforded by van Breemen, Neustein and Bruns (1957) who studied thin sections of membranes with an electron microscope. Brown (1959) has stated that the evidence for fibrin is incontrovertible. It should be realized, however, that neither of the techniques proves that the membrane consists of nothing but fibrin. The presence of some of it is not disputed, but we believe that it results from exudation after loss of the normal epithelial lining and is only a small component of the membrane.
The reported incidence of hyaline membranes from different centres shows some variation but there is a remarkable difference between that in South India (Hadley, Gault and Graham, 1958) or Vietnam (Tran-Dinh-De, 1959) and, for example, Melbourne. Thus Hadley et al. found only one case in 215 neonatal deaths and from discussion with Tran-Dinh-De we estimate our incidence to be some 20 times greater than his. At present there is no explanation for these differences.
Experimental methods have not reproduced the disease in a manner corresponding to its occurrence in the human. Bruns and Shields (1954) have, however, produced what are apparently hyaline membranes in the guinea-pig lung after prolonged exposure to oxygen. These workers state that the membranes form as a result of epithelial necrosis in bronchioles. Their observations on the derivation of membranes so produced is in accord with our own in premature infants.
It is attractive to suggest that a noxious substance is the cause of the necrosis in this disease but the evidence for oxygen poisoning in the human premature infant, exposed for short periods, is incomplete. Summary Detailed microscopic study of the lungs of premature infants affected by hyaline membrane disease shows that the membranes result from epithelial cell necrosis in respiratory bronchioles and form in situ.
A description of 133 cases of hyaline membrane disease including clinical features is presented.
